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This volume contains the proceedings of the Thirteenth Annual : 
Conference on Manual Control held at the Massachusetts Institute of 
Technology at Cambridge from June 15 to 17, 1977. This report contains 
complete manuscripts of most of the papers presented at the meeting. 


This was the thirteenth in a series of conferences dating back to : 
December 1964. These earlier meetings and their proceedings are listed ‘ 
below: : 


First Annual NASA-University Conference on Manual Control, University 
of Michigan, December 1964. (Proceedings not printed.) 
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Massachusetts Institute of Technology, February 28 to March 2, 1966, 
NASA SP-128. 


Third Annual NASA-University Conference on Manual Control, 
University of Southern California, March 1-3, 1967, NASA SP-144. 


Fourth Annual NASA-University Conference on Manual Control, 
University of Michigan, March 21-23, 1968, NASA SP-192. 
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Sixth Annual Conference on Manual Control, Wright-Patterson AFB, 
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Eighth Annual Conference on Manual Control, University of Michigan, 
Ann Arbor, Michigan, May 17-19, 1972. 


Ninth Annual Conference on Manual Control, Massachusetts Institute 
of Technology, May 23-25, 1973. 


._ Tenth Annual Conference on Manual Control, Wright-Patterson AFB, 
April 9-11, 1974. 


Eleventh Annual Conference on Manual Control, NASA-Ames Research 
Center, May 21-23, 1975, NASA, TM X-62,464. 


Twelfth Annual Conference on Manual Control, University of Illinois 
and Ames Research Center, May 25~27, 1976, NASA, TM X-73,170. 


“PAGE INTENTIONALLY BLAME, 


CONFERENCE CHAIRMEN 


Sheldon Baron 
Bolt Beranek and Newman Inc. 


Hendrik G. Stassen 
Massachusetts Institute of Technology/ 
Delft University of Technology 


iv 


CONTENTS 


Session I: TRACKING 


Chairman: D. L. Kletnnan 


Page 
1. The Optimal Control Frequency Response Problem in Manual 
Control,by W. W. Harrington. . 2... 2 eee eevee ev ees 3 
2. The Effects of Deviate Internal Representations in the 
Optimal Model of the Human Operator,by S. Baron and 
Ds (BE BEOLINET se 5 5 OS we HO Be we a ws 1) ee de ae. WD 


3. Theoretic Aspects of the Identification of the Parameters 
in the Optimal Control Model, by R. A. van Wijk and 
Oe dig BOK G16) Ser Se cteucien Le: a EES OES ee fe, Ee BR ea 27 


4. A Quasi-Linear Control Theory Analysis of Timesharing Skills, 
by D. Damos and C. Wickens . 2... 5 5 2 ee ee ww we ewe 35. 


5. A Dual-Loop Model of the Human Controller, by 2. A. Hess. .... 44 
6. Parameter Estimation in a Human Operator Describing Function 

Model for a Two-Dimensional Tracking Task, 

by A. van Lunteren «0 0 6 se ee ee we ww we ew ww we 49 


7. Am Approach to the Multi-Axis Prcblem in Manual Control, 
by We W. Harrington e e e e ° e . e e e ° e e e e e e e . e . e 58 


8. Error Rate Information in Attention Allocation Pilot Models, 
by W. H. Faulkner and EB. D. Onstott. . 2. 2 2 2 2 2 ww we we 72 


Session II: PERFORMANCE, ATTENTION ALLOCATION AND MENTAL LOAD 
Chairman: W. H. Levison 
9. The Application of Integral Performance Criteria to the 
Analysis of Discrete Maneuvers in a Driving Simulator, , 
by B. S. Repa, R. S. Zucker and W. W. Wierwille........ 81 


10. The Facilitacing Effects of Uncertainty in Long-Term Manual 
Control, by W. L. Verplank . 2. 2. 2 2 ee ee we ee we wwe 101 


11. Performance and Workload Analysis of In-Flight Helicopter 
Tasks, by P. H. Wewerinke. 2 1 2 2 2 se ee ee eee ew ewe 106 


pet aleve ne eRe. Se Roles rt cted pe pias 2odbvee tne Dope ecb ictesaieh es wee bie elec alee sets PA GME: & . los BO ee caer aS a ae ae cet en tne ane 


12. Multi-Attribute Subjective Evaluations of Manual Tracking 
Tasks vs. Objective Performance of the Human Operator, 
by A. qStapkavas. ..... oo e «© © © © © © e@ © e@ © © @ 8 @ # 118 


13. The Effects of Participatory Mode and Task Workload on 
the Detection of Dynamic System Failures, 
by C. D. Wickens and C. Kessel... 1. 2. ees es es veer 126 


14. Prediction of Pilot Reserve Attention Capacity During 
Air-to-Air Target Tracking, by EF. D. Onstott and 
WeicHs -FOUGRKOR S666 oe a. cin co Bias Wie Soh a, IRS we RS Se 9 T0w aense 136 


15. Reduced Mental Capacity and Behavior of a Rider of a 
Bicycle Simulator Under Alcohol Stress or Under Dual 
Task Load, by M. Soede 2... 1. swe we we ew we we er wee 143 


16. A Relationship Between Eye Movement Patterns and Performance 
in a Precognitive Tracking Task, by D. W. Repperger and 
Bede: HABCZOUL a5 6 eke. ape Ws el Co WS, ewe, ee 152 


Session III: SURFACE VEHICLE CONTROL 


Chairman: T. B. Sheridan 


B 17. A Control Theoretic Model of Driver Steering Behavior, 
ie BYE si DONGEB. 05 tetas BL Sse! Se Wee Nas wd ee Re ee 165 
t 18. Modelling the Human Operator of Slowly Responding Systems 


Using Linear Models, by W. Veldhuyzen. .......45-240-6 172 


« 


19. Effects of Simulated Surface-Effect Ship Motions on 

Crew Habitability, by H. R. Jex, R. J. Dimarco, W. F. Clement, 

J. R. Hogge and S. H. Schwartz . 2... 2 ee eee eer ees 179 
20. Driver Steering Dynamics Measured in a Car Simulator Under 


a Range of Visibility and Roadmarking Conditions, 
by R. W. Allen and D. T. MeRuer. «2. 2 2 2 we ew ewe www 180 


Session IV: MONITORING BEHAVIOR AND SUPERVISORY CONTROL 
Chairman: W. B. Rouse 


21. Supervisory Dynamic Decision-Making in Multi-Task Monitoring 
and Cor:rol, by M. K. Tulga and T. B. Sheridan. ....... 199 


22. A Model of the Human Supervisor, by J. J. Kok and 
A WES a Bh te Te as arch, aoe feck: tena ae chek ay Sacer, eee 210 


vi 


new 


Le we 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


The Human as a Deteetor of Changes in Variance and Bandwidth, 
9 by R. E. Curry ard T. Govindaraj. -..-. +22 eee ee 


A Queueing Model of Pilot Decision Making in a Multi-Task 
Flight Management Situation, by R. S. Walden and 


W. B. Rouse . 2 2 2 ew we wwe Siterret se ebries Socse abe te, He 


Interrupted Monitorimg of a Stochastic Process, 


by EBs Palmers. ie: eee eee is ew ew ee 


Navigator Performmee Measurement in NAP-OF-THE-EARTH 
(NOE) Mission, by E. M. Connelly, R. F. Comeau and 


M. L. Fineberg. - - 2 2 2 2 ee ee eee wee we we ww 


Air Traffic Control by Distributed Management in a MLS 


Environment, by 2. G. Kreifeldt, L. Parkin and S. Hart. . 


Interface Design im tthe Process Industries, 
by M. C. Beaverstoek, H. G. Stassen and 
R. A. Willtamsom. - 2.1. 2 2 0 ee ew ee wee ee ee 


Design Outline for a New Multiman ATC Simulation Facility 


at NASA-Ames Research Center, hy J. G. Kretfeldt and 
O. Gallagher. ..--...- Siok comets ir Yel ae Melia oak cat Ment A 


Session Y=: MANIPULATORS AND PROSTHETICS 
Chairman: Jd. W. Hill 


Displays for Superwisory Control of Manipulators, 
by A. K. Bejezy amd G. Paine... 2.2.2. 2-2 ee ee wee 


Multi-Axis Hand Cmtroller for the Shuttle Remote 
Manipulator System, by A. L. Lippay........ee- 


The Development of a Six Degree-of-Constraint Robot 
Performance Evaluation Test, by BD. A. Thompson. ..... 


Prosthetic EMG Contre] Enhancement Through the 
Application of Man-Machine Principles, 
by W. A. Simeoz amd J. G. Kreifeldt .......... . 


Two Measures of Performance in a Peg-in-Hole Manipulation 
Task with Force Feedback, by J. W. Hill... .....- 


217 


222 


237 


245 


246 


258 


266 


275 


285 


289 


293 


301 


Session Viz AEKOSFACE VEHICLE CONTROL 
Chairman: R. EB. Curry 


35. Prediction of Pilot-Aircraft Stability Boundaries 
and Performance Contours, by R. F. Stengel and 
J. R. Broussard. . 2... 2 eo ee ee ewe we we wns 


36. Discrete Time Modeling of Heavy Transport Plane 
Pilot Behavior, by D. Cavalli. . . 1... 2 2 eee ewe 


37. Multiple Curved Descending Approaches and the 
ATC Problem, by S. G. Hart, D. McPherson and 
Jie KPOt fel de sr sx. aisle: fee 6, oo te sie See OSE os gr RL a ewe 


38. Modeling AAA Tracking Data Using the Optimal Control 
Model, by D. L. Kleinman and B. Glass. . 1... ss eee 


39.  Pilot/Vehicle Modeling for Determining Aircraft 
Simulation Requirements, by S. Baron and 
R. Muralidnaran. 2. 6 2 we eee we ew we ee we enn 


40. Monte-Carlo Simulation of Human Operator Response, 
by D. L. Kleinman, J. Berliner and W. Summers. ..... 


Session VII: MOTION AND VISUAL CUES 


rot Set oe f=] 


Chairman: L. R. Young 


ve 


41. Using Model Order Tests to Determine Sensory Inputs in 
a Motion Study, by D. W. Repperger and A. M. Junker. . . 


42. Use of the Optimal Control Model in the Design of Motion 
Cue Experiments, by A. M. Junker and W. H. Levison... 


43. The Effect of a Visual/Motion Display Mismatch in a 
Single Axis Compensatory Tracking Task, 
by D. K. Shtracht and R. S. Shirley. . . 2. 2. 2 + eee 


44. <A Model for the Pilot's Use of Motion Cues in Roil-Axis 
Tracking Tasks, by W. H. Levison and A. M. Junker. ... 


45. Manual Control of Yaw Motion with Combined Visual and 
Vestibular Cues, by G. L. Zacharias and L. R. Young. . . 


46. Motion Cue Effects on Human Pilot Dynamics in Manual 
Control, by K. Washizu, K. Tanaka, S. Endo and T. Itoko. 


viil 


313 


321 


329 


330 


331 


332 


335 


353 


361 


377 


389 


403 


ma ere... oe 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


Session VIII: DISPLAYS ARD CONTROLS 


Chatrman: R. W. Pew 


Study of the Use of a Nonlinear, Rate Limited, Filter on 
Pilot Control Signals, by J. J. Adams... 1... 2.2 2 oe 


Evaluation of Kinesthetic~Tactual Displays Using a Critical 


Tracking Task, by R. J. dagacinski, D. Miller, 


R. D. Gilson and R. T. Ault. . 2. 2 0 0 ee ew ew we ww 


Influences of Joystick Spring Resistance on the Execution 


of Simple and Complex Positioning Movements, 
by G. Rothbauer. . 2. 2 2 5 ee we ee we evens 


An Iterative Technique for Flight Director Design, 
by D. L. Kleinman. . 1 6 0 ee we ww ww ww we 


Acquisition of Control Information in a Wind Shear, 
by J. M. Natsh . 1. 1 0 ee ee we we ee wen 


Euler Angle Control and Display for CCVs, 
by R. P. Bateman 2 2 1 1 ww we te we we we ws 


Speech as a Pilot Input Medium, by R. P. Plummer 
and C. R. Coler. 2. wwe ew ww ww we ww ww es 


Measurement of Human Ankle Joint Compliance Using 


Random Torque Inputs, by G. C. Agarwal and 
G. L. Gottlieb ° e ° e ° ° e ° e ° oe ° e e e « e 


ix 


417 


439 


447 


452 


453 


459 


460 


463 


sks pilenienibiemen ne et 


Session I! 


TRACKING 


Chairman: D. L. Kleinman 


7 


(ant) x *y) werske paqueaine 10) xzi3Me Uze# To1QUO> Fawoasy 


wal 


PeiIuswBneun uy B33e98 Jo 2zaquny 

wares pequen8ne uy se93"38 Jo requnN 
‘ slusmeInevew jo saquny 
@oourqinassp In sAquAN 


STO’IUOD Jo z9equNN 


(“a x uy Wo3ske 22098 paquaasneun 0} xz32IeW YOeGp|az 307399339 
3809 [022009 
(*u x Puy XJ32eU YeQpesy pariusasny 
s 8 
(a Xu) xz2IWM 30339 VOT IO; pIIg 
s s 
(ux “u) xzaqew sozrz© BuzzeaTF4 
(ux uy RPAIwM VOFINGTAISTP aoueqinyASTp paquausny 


aNTeA padoadxg 


cfu x "y) XFIIOW UOTINGTIISTpP Quawainsevsw paiuanBay 
Pu x Su) MPI VOFINGTIISTP ToOIQUOD pa quaUEny 

("a x Su) XZAIVB BoyeRUtp dooy PeROT? Paquamsny 
Cu x *u) ATITZ 


JTOI}UOD Buzuzeqwos xz1IeM sdzMeUtp dooT usado padjuau!ny 


cfu x*u) Xyi3Ieu sotuEUkp dooyT uado paruanIny 


S'IOGWAS 


eee 


*yOpIPOOTTS VOyIUSIIV pur 


@} ‘quewvolzaus janB ‘sopweudp suvajzjaye 
“sorweudp WsIsks 1893 [OIIUOD Be Yons ‘sezQ2ed01d MaIshs Jjze29278 NPauUEW 


WUBIIOdWy BIDaTJa1 PUR FAzI OT pead BT poyqew oy] ‘syse] ple stisIets 
JJRIIIZH XITdwoD 10x OT QuUITNS By YFYA UO}IeDTJZIOAdS Bguodsax AdUHNbaI3 
JTOAIUOD Tepowm oT Td yewy3do 30 poyiew v squeserd Aoded syty 


‘uos woz Jpoeds eeuodger Aducnboay 
192ZVOD AOZ sauTTOpzNS Roz Ieway3 sem parIzwrY #IsSTXe Brey? ‘yrraUa3 
uz ‘ang 


suozaeogtddy auvqnozyaed & 10j sozweuUdp wWaqsks 3z6292;8 
uodn asuodse1 Aduanbe1z ~oajuod yo Aouspuadap 9yy OWT BYBtsUT sos 
septaoid {gz} e2ue19j04 


*(0C*OZ-€] seyateued e3¥2 puw epnazydwe toaqUuCD 
03 Wedeos YITH ATIDBATPYT AO ‘szUEZsUGD eWTQ IO 


pouenboesay } JowsD 
2@ITFJ [OAIUOD 9Y3 OF Yedser YIZA ATIO9ATp AVYITa ‘saQeUyIBe paTTddns 
298N uo ATI SpoyeU Buz asyxXy 


*[9Z) YoyseozzyOede asuodse1 fs ouanb 
~21} [OAJUOD BY UT SazOUaZIFZap pazjyIVapy sey syxseI PTIoM Teza pue 


smajeks JzexI17H XatTdund 02 Tapou AoTyd TewzIdo ayy jo voy {Edt Tddy 


ROT LONGOWING 


*sazaszedoad oy neudp 
SuzIsasaqVy YIFA GBVD IzerdATe 197YBz3 owMr;27e 91"q F 10} 48EI 
PTOY apNnrz3ge ue o2 paztdde usya af BYIZI0BTe oYL ‘watqoad ssuodses 

Aouanbary 1013U09 [eUTIdo BzY3 BATOB 03 pedoTeASP By WYdITI08TH Uy 
*ga2vUTIBA Pe10QUe JeBsN UOdN pusdep Jou seop ‘+a°y ‘aazadupe ATI{Ay st 
yseordde szyy *1098N29" [o23VOD Yee 103 esUodsea ADUaNhe23 To1qUOD 

ABTNIsnwoanau ey? pue o19z fq UaATS 91B BpuNog ayy 


*9809 Jo1}U0d 
T#203 3Y42 azz_MZUTW YDZFYM saToUsNbe13 ToO13U09 30 Jas papuNcg ew BuzupW 


-1927ap Aq paysy{dmoroe sy syyL 


*VOTILIOT TS UoTIVIIIe PUe yseq se YoNS 
‘satj2edoad ouyyoeu-uew se [tam Be ‘quaduOIzAUa Jen3 pue ‘sotwEUdp aue2y 


-2ye ‘sozurudp wards [Aaj [o12U02 Be Yone ‘sazIaadoad wayshs 9zrI> 
APE BWSI0dwWy JO BAZIOITJa1 Sazpauanbeay Jo1juos Tapow 307d KjzpoodE 
02 paustsep sz watqoad ayy ‘tTapow ao,yd Tez ado aya Jo 3xX28IUN07 2yI 
UTYITA Pauszap sy WaTqoid asuodsa1 Aduanb|azjy JorquoD {eutado wy 


ASVHWNS 


G4v Yoss933e4-IY4Iz 14 
ao4/10d44v 
uo uzzrey *mM 2337 em UTeIden Ag 


"IOULNOD ‘IVANVRK NI W31dOUd 
ASNOdSAY AININOIYS ‘TOMLNOD ‘TWHILdO FHL 


9LbLI-GLAN 


Ww (2) "FCA 4 (2% d (2a Se etec 


W320} YI JO TEUOFIOUNZ YsOd DzAPApeNb 342 UIAzD 


rwaTqoid Jos3uo0s Buzymoy]v} ayy moaz 
Padoyaaap sy Tapom AoTyd TewzIzdo ayy yo BYyIZAOBle TeopIeway jew ayy 


*[ aanByzq uy umoys sy [apow ayL ‘aszou voz PAIasgo pue 
Agyap awry e Suzafoauy aazqozd [oriuo>d = 02 YoFINTos [eupFadoyns e wosz 
BILNSs1 [S@pow 9yQ jo aingonais ayy  *Aapeuad a3ri [o32]QU0D w jo suLau 
Aq Bey] ae[nosnmoinau ay Buyonposquy worjy siptns3a yzyA wayshs a3eIs 
paquawdne ue 10j paayaep sy AeT [OIWUOD YL “AMET To13N0D yeQPs—a3 
jeuzido a3e3e [THz & pur S3aoqDspaad pewzado aze3sa TIN & *(2aIaT Ty 
VeEaTEX) 23ITTZ Teuzido |ae3e TINy & suzequos YyoTyM ysontaU UO; IEZTTeNba 
AvaUTT sNMonuyz uoS ew Aq PazyRvyIUAS Jie SpueMMO? To1UOD aYL 


‘soyueudp iv[HIenwornau Jussaidaa o2 ,Fe[ 2eTRoOsmwoansu,, y *¢ 


*[o23UOD papuatuy sy? Jus inoaxa 
Uy BlOIII WopUF. IUas|aidd’ OF AsyOU 1030 HB pue ‘spToYysaiyy [eUsTA 
pure ‘s35aj3j0 Buzyuuecs ‘proy 410m 03 anp uoTIepesBap yeusts iuss 

-31da92 02 ABzOU VOTIBAIaSGoO Ue OUT PapzArp ‘s[wUyys ,,weuMay,, 7 


sshel ap 2020801Nsu pue ‘Suz 


-Bead0id Te1qUad fenszs ‘sazIzUBos Suz qusassadar ‘AeTap auta y 


2q 03 Patapysuod a1W BUOTIEI;WT] assyL ‘UOT IeIzWTT 
quasayUuT #fy OF Jafqne Ap Teuzado wagqeks sPyeRYDOIS *DpwWeUcP w Tor 
“009 [[}A Jolviado uewNYy ay JeYI UO; dUNSSE |Yy] UO Paseq RT [apom ayy 
“2OTAEYaG PUR soUeMIOZIad [OIQUOD YOT;d azTsayIUAS OF PsUBysap 29N198U05 
Bop ewayzem e sy papow rorTyd Tewzido ayy ‘“syseI [oIIUOD Ruzksea oBzr 
‘xatdwod SupyTapow uy ssaoons paieazsuomap sey ‘[(Q7-¢€] vostaay pur 

‘ucaeg ‘uewusyary Aq padozpaaap *3dadue>s japom yor zd Tewzado ayy 


TAGON LOI d TWRILdO 


aaqauered pasjeuyzisg ia 
yeuzado * 
asodsuelL L 
sidzaosiadns 


PPAyao19g 
parusnsny 


s3dz,29eqng 


XFAIeU 23IT JZ TosW09y 
Advanbaaz yyoynd 2ze[Nosnuosnay 


Aduanbaz3 Jy303ND Toazu0D 

Avlap awy2 sang 

Xf2WewW AOUVTAWAOD 39ITT} PIeIITY 
XpAIeW YO; IPMIO; SUEAL 

nzyjs da3sg 


Ld 
u 


UoTsUuamtP jo “IOTTd AYI 02 STQrTPRAE sSyuaMoINgeIM yo 109D8A Y 


(“a x Fuy wuiRkks paqusuting aya Jo xXzIIVM BIUTTARAOD DIPIS 


®u uopsuauyp JO 10399A © ‘waIsk# paquaD8ne ayi jo a7¥IS 


Py uoysuamyp 
30 1022980 & ‘asyToU 32,Ym URTEENED JO 210993A voURqINISTP y 


w 

U uO;suaUTP jo 4102930 t ‘aBfoU UAWaINSseaG Jo ADUeTIEAOIOIRY 
2 

U UOFELVaWTP 30 20393A B faszou 2020M Jo srUBTAPACDOINY 


*u UoTBUaMTP Jo 1039aA B S4ynduy [o029U09 8,201Td 


2 2 
("ux “u) xyzqew agqzpeued 3382 ftoaquC9 


a 
Ce % U) XZagew Aqpeued qusuaanseay 


i 


) tui) = "a 
WYI YOne peuofizazed vq ues "4 xpr2"H yOEGPEeZ paquewsine syz 


mi) a8 ued 


, 
' 
ee e 
(9) a4 @-Vev " | 0 
5 < 
e 5 
Aq uaayS usys sz XpIQew BozUBUXpP doo], pasHT> sYyL ® | a 
~ wn 
() vie ve e a”. ee ee # | 
s Oe a8 eo d- 90+ Vide a ¢ | s 
e a 
i ~ c 
al let land 
5 Yop wyos ° 8 | c 
JFIBIOFA OAS pequaEne ayy worZ paaziap ef *Y ‘xys2IvD I9ITTZ aL 2 § 
4 
; ¢ al & 
(9) By - My - a ; oF . 
Bod 
9 
avy Yone eyeUfys 1v12U09 a | 
Papuvawod 241 sIes9D0I1d YDZYR XZ1QeW 133773 ABMPI0 38az; e@ Aq Tapow rozytd Sg 
Teszido 3y2 uz parzeTN3er sy esuodsas ADuenb|azy Jo1quor yYoTZd ayy # | 
a 
= 
TaGOH LOTId TVHIIdO 3HL NI 3SNOdSaM ADNAMAYA TOULNOD | ee 
7 
. *TwUOTIOUNZ Ysod aud | Be 
SIZFBPUTS YDTYA (I)yii TOIWOD yoeqpas; anzaedzozaUE-uoU 347 auUzwAsdIEP { at 
eo 
(e) "aay Hse = nF "0 - ()T | 
(2) (PH ae Cay" "ae (Cay "RV © (2) 3 
a; 
oe 
SIUFBIIeUOD 9Y2 02 aoAafqngs | as 
=] 
2 


SIINVEUGLSIG 


! 

5 
H 
y 
\ 
¢ 
' 
i 
\ 
1 


spedolTaaep st Tepos 
JOT Td Yemzado ey. YoYA WOIZ UOTFIDUNZ QEOD XM3¥apeNb save oy sozpwyUTE 


Ssuodse2 AoUeNbeaz [O22U09 By2 IwYI PeszesyrIodcy szoMABYIANZ BT 27 


*(ze*oE)} wora 
“B00T[U YOTIVaIIS TemzIdo Se YONS sjUaEdOTeASP 3UsDz2 SF TTA (oz-¢] 


[epoe OT Td Teuzado 9Yy2 Jo UOTIBTNMI0} O42 Jo UOTEUeIXe oTdEys U OT 
eyeeyroddy eyyL ‘eopMRUdp 2eTNOSNwWoANeU QueseIde2 02 ,,e8eT ABTNIENE 

“OANGU,, SPNTIUT BSUOTIVIFETT OReYUL ‘“sUoTIVIZETT QusreyUz ssYy OF 3efqns 
AT bazado weeks OfIeeyD09s ‘ozmRUXp ew ToIIUOD 03 esucdsex AdUaNbe23 
TOAWOD SFY 3dwpe TTA 20IVA9d0 UvENY OYd IeYZ PeszseyIodAY ef 37 


ASNOdSAM AONANDAYA TOWLNOD ‘IVHILAO 


*Tepom |eya Jo AITTTIN |yQ eousyuS XAT Ie028 gNYI PTNOA ‘suo IOTpaad 
eoaeM10z29d Tepow 19420 842 YIFA JUsIeTSEUOD pu ‘seTIZLEd01d BOISis 
QJVAIATH pauusH queqrodwy jo eAzI990T392 vsuodsax ADuanb|23 TorQUOD IoTTd 
2ozpezd 02 AIzTTQedeo sul ‘“soTIzTTqQedes sazIdepe pus eazIozpead #34 UO 
‘euoy3eoztdde Aue 203 ‘spusdep tepom yoTTd Tewzado aya jo ArzT FIN ey 


*uopIwoeszIeds osuodsaz A Quenbar3 
JYorquoOd wy UodN pusdap Tepom JoTTd Tem~Ido ay2 fq perezeUsS suocz22;pezd 


euve20j310d JO UNAQIedS BITIUS BYR SNYL ‘sBYyITIOSTe UoTIBSOTTE UOsIVEII" 

YeUzIACo puw UozQeBedord souezaPAOD |Yy2 Burpntouy ‘Tepow aoTtd euzIdo 

242 Jo sqUewIT? 12420 JoudEy saQeDTIES as942 ‘UOCTITPpe UZ ‘equaNooeUT 

Ateeoz8 ‘oq eny3 ues sazwazies paz{ddns 2289 *epoyzem Suzrepom Suzze7xa 

Aq, UOZIwUTISs FIOTAd BOF BTQeUusaE Jou AzozABYyeq AONONb|r7 To1,U09 

2OTFA PTr0m Teer SJedTPUT [Z‘T]) BIep UOZIB NETS pus IYyZzTI ‘Topo 

aortzd yeuzado ayy Jo AIzsTOpTy Oy. Joudmy AT 30038 UES seyoUeNberz 7 309ND 

t 

Patzsoads 942 Jo ADGINDSe oY] ‘“pesterydwe oq Yenu Py Case: Orags °m 

eazpousNbary 3303ND 9yI JO UOTIBd¥Z}>90ds Asdord yo souRII0duT SYL 


SL‘FWHRAINDTA ASNOdSTY ADNANOIAA ‘TOULNOD 


*patzytosdse 9q sazouenbe1z3 jyoINs assay. YOTUA 
4q parynber vay. sy anbguysea y *(Z1) uozIeNbs Jo squzerzrsuo. 343 03 
t 
qoafqna ‘senqtea jo Jee paizsap Aue uzezie Py * "Tot * On sezouenbd 
-32$ ZJOIND 42 IeYI OF peIeTNZar vq UES UOT INTOS To2IUOD 9Y42 YITYUA 
Aq [1€} 20yane 243 Aq padoTaaep useq sey anbyuyse2 eazqesa3y uy 


*gnduz Toraquod yIz ¥yYr 203 3pFETT AdUanbe1z 
t t 
ABTNIenwomnNew Bs, JOT Td eY2 ST Ny pue uozagnzzep fq 9 & nm e1sya 


t 
(F29) 2 


utters trey t yg 50 


ey YONS pouzwrgsUOD v2" sezoOUENberz zyo~and ayy 


1 
Te 
tr i a nr) 
a) tcf Py og = Fx Pe yy wo) zi— et ets 
u 3e 
rgnduz To2quoo 
43t 942 e2zT085 


03 (¥) UoTIeNbs BuzZuszrvsx: fq uMoys oq uF. sTUL 
M sanduz To2IVOD eYy2 Jo sazoUsNbe1z 330-3nd Jep20 


3sATZ FYI Queserdeaa ys zo =u © 


ou tone Atey oF 


M @QuamMeT® TeUCZvTp a4] 


a) cn, ? ot 
Rg eX 1 Soa ow gd 


(7) a-faenbe sptazé yorya 
"5 "pe xn 


&q wanz8 uey st tr TOAIVOD TuwTIdo sy) 


3 2 
ata 

(ot) --j--| = "a 
"a ] 
L ! 4 


pue 


(6) 


Aq uaz’ sz 5 XF2IVW 293TZJ BYR 9194m 


#3909 
TeUOTITANduod BATEBaDKa Buyzanouz ynoyIza AT{wIPAsuNU pEIENtEAe oq 


UCD 10998A WeTpess sTYyI ‘TT Tews ATTeNSN sy STOAIWOD Jo 2squNU Oy 
: S2UTS ‘“WYIZIOBTE UoTIezTUZIdO QueNbesqns ey2 UT PesN eq TTTA IFUI 


10290A WeTpRsB 9y2 10) PEdoyenep eq TITA suoTsReIdKy 
*(ze) uewusety 4q pedoterep rey 03 AvT Tere wyI,paokyte yuezpyss oc esa 
pami0jzied eq ITM ssad0ad uo;IeZTWyIdo BY ‘Puno 9q UeD sazoUanba2z 
JyOIND Toaquod Teuz3do ay42 10Oz VUOTINToOS W10}-pasoTS & JeYd Aypayzqun 


snyL "sesyou 
2030@ 8274 UzZBIUOD OF PEeTepow sy (DF TENIOw BYI IYI BION *(3)9 ZO 


e288TIe8 UAC &,20T}d BY3 Aq pezemyxordde eq Kew *(a) ‘e9ea Tosqu0> eYL 


(st) (CCT (a) Fea a + ()% (2) Aaa = 


se UaIIzAmas ABYIANy 9q ABW STUL 


t v 7 x 3) %}a = 
ST IPF sours * "tat ¢ Om gozouanba1z yJOIND YoIWUOD ayy 02 CD {Q) 24 (0 + (4d ( yy asf 
GTYSUOFIRTOA JSIzTpUT pus XeTdwo>D AI0A B SEY F TeUOFIDUN JBOD |YyI IYI 
(91) Y8no2y2 (y) suozaeNnbe pue (gt) VoFIENbe worz JUsIeddE SE 3] ao 
suotesaidxy wueyper5 e- e- 
(et) Cay" wg (ad + (AKO (9) Ra 
: w 4 3.5? e sv 02028 Apvais ay UF U37ZIzAMDI oq UBD [ TBUOTZOUNZ 9809 aL 
(81) (]2-|Ca + “ay wio) + pax ape + (2)%0(a) 729 = ¢ 
0 = {EC} TeuofFaouny 3809 dyIBapeNndy 
4q uaaz8 oq 3203812943 ued F UOTIOUN; 
3809 BYL ‘“Aypsaz Wadear ‘sadzIIeU BoURTABACD e2euy Re a1nye peauanSne WHLIWOOIV 3SNOdSAY AONANDAYA ‘TOULNOD ‘TIWHILdO 
. Pues 20228 VOTIOTPeId ‘2rojte Buzrewyyzz By sre yx pure 4g 3g e19yn 
. ° *gnduy Jor3UOD YyIZ 9yr 103 IpWET ADUANbI2) AeTHOSNY 
wv dq 3 a4 r = ~ t t 
(v4.9) =o] Ca+ 2 Biol + a x d= (03) 9 ()N)a 


$2 7 ‘uofaemyIisa TeUz3do avausT 103 paaezarszooun 
axe (3) Wh pue (3) % B2UFg °((3)D - (3)R) aozze 242 BF (3) d294R 


C39) ayn °y - Fa - = 


ay°s 7y = (a5 Fu - (DF Po - = 


CaF °y - (2)F 10 - = Es (OF 


~olNau g,203B1ad0 UEUNY 9Yy3 eT Ney pues uozazutzap Aq O Zz a) a13yn 


t ¥ 
(2) Pu tees tray 6 Ny s cr ,) 


ey. YoNs papunog v2e 


Bapouanb|szy zj30INdD ayL "TEUOTIOUNZ 3sod BYy2 szZpPWTUTW YOTYM Py bere 
1 


‘te * nm eazouanbsay JJOIND 9yd suTWAsIep OF Peasnbes By AT SNUyL 


m apf (aH (TA + (aK OG) Fp a Os Ut =o 


FA Ne ape meee 


reer: erecta ene Bee epee 


ane ES 


Peete riod 


eee ete 


“2 X¥23e0 VOTIFMIOJ#UeII BY oUT;MWAeIEP 03 {1€) sysz208Te voPaepn3a2 


esvodses AQuanbe2z3 Jo22u02 & o3 seyoRI9B (OA? 20 BUC ATUO ATYeNSN) “~u 
Seaznbet wyIzIoBre suy 


*BYUIFLONTS STYI JO VOFINDexe Quezs2TZ30 103 AOCTTF 
SUOTIVIEpzsu0. Twr8AeS 


*{opow aottd Teuzqdo cfs 942 30 ByD0Tq L0f eu 
BISPOIIXS NYIZIOSLS Aus pess esucdes: Aduenbesz yoaquos TsUz3do euL 


os 


Siusme1snbey votyewndacy 


*e2uyerqsuoy 942 Ajstze FETISe [eTIFUTE Pet Tddns sesn ey? avy. pezznbez 
4quo sz aq “(1) (9 Yo pasodayz s2uze238U02 eYy3 K3873"8 03 anuTIVOD 

TUF (144) 7M IYI ION (A)E 02 BOTS ATIUET>OZZgNG SE (14%) PC UDYA 
S20990 S2UaSAeAUCD ‘gy SuzoNpes <q USEXea 0q yvo ezt9 doe 19y;TwEs & 

“p Up eswerduzy UE saene> o278 deqIs ay3 31 Uw feee Stet *e Tre 207 


> 
im IP mstl ty 
(oe) m > ¢ “s —2____ (4) ny 5 9 
cers 


xvn 4YOTYA 203 A3zuN 
UeYd SIT sNTVA 389383138 3y2 aq 03 


3 Suyuzzep Aq paansse oq ued stuL 


t 
(eet) 


t 
Pater tap Nm s (ron) mo 9 


2PYI OS TTeMS ATIUIPIZZZNG ST 2 37 BIUTeIISUOD 243 
Ajeyaee [TyIs# puw uNazydo oy? se08U VEYA ezTs de38 ey) BoNpaZ TTTA 


(62) ts9 OZ go 


#103 842 Jo ezts dais y 


‘Trews ATIWSTOZZ INS By 3 37 
2X200T JO 3809 ABMOT B UT JINser TITRA UOTIWASI_E SAT SSEDONS YoRs ‘snyy 


(82) OYeQ@-1) = (lene 


uay2 


h >i Willies 5 RL ae : 
OOOO) aa 


te 


™, 
ell gil : 
(42) toa 5) - = (1) 99 
™, 
rl qr 2 
Be pore};1es ef (a) my 31 
3 
(92) 


yoy C98) + ODE = Gene 


. 
mer 
UF esueyo [[eus e Vsned [IZM pue sIUTPAIsUOD 942 AZEsIVS T1JI8 T4 


(sz) P91) we C149) 2m 


3BYI YONS 2039aA JUazpesB paysdaford ayy Buope 202990 Aauanbaay 
JJ0IND TOIWOD By Uz aBuRY> TTeUH Y “sAMOTIOJ se Padoyaaap at cr 
TeuofFIounZ sod SzIeApeNnb ayy azyzuzuyw oF suayos VOTIBZTUTIdO JYL 


uozIezzwEIdg ssuodsay Aouanbes4 YorIU0) 


2 


Juazpers$ paysafoid ay a2 Aq Udaz® sy 10209 Juatpe, 
LPN ™, 

™ ynUL ‘0 @ 3 kq uaay3 ef 

UOFIIIITP |TGQ;H8ea3 ATUO aya *kduanbaray 3303ND ToI3UOD eTqeuyezIeun 

&{yeoyekyd & 20 aAzIeBau & 29YIFD UT 3TNS92 PTNOM AUatpeas oy2 02 

S82;80ddo UosIDa2;p e UT BUtACH eUtS *AOUeNb|sy TT ems oWoR By a234yn 


"103I9A 
i Buy 3tnse. ayL 
2 
*UOFIWI92;% IxouU |YyI 103 paxyy suzeWar 


(92) 


a0 


7 
(€2) > 


Wn, 


aUaypess nya Suzkzzpow kq payrytdwosoe By STUL 


2 ge TEE 
pene mare ease OTE US 


Neen so - 


d0Ls *Z0°>9 a1 


OStg deig sonpey 


(Z 30 1) JAVHD MOA HHLIYOD'IV NOTLVZINI1dO 
ASNOdSAY AONANDAMA IOULNOD ‘TVNILdO - *Z BUNDTA 


2e is "8 
ceo 
(1% YoTaenbg) 203Daq JueTpeag BIEN TAZ 


BAQQE PeUT@1sIep sea , B234a 


° 


2€ 
re 


qUezpeRay sandwog 


Toy - fs 
d XF298H UOT BMI0Z8UNI, aINdwOD 


° 


> 


3 
© 
2 


» 3 


. ce ¢ 
did ste 8 
AON 81035 


sirejeusieg 


d0L8 *100'>9 31 


o 
tir - Pr) = 9 
f JO sIUaBrsAucD 103 Is9L 


*{¢z) yee Aq paTepow 
se *papyAoad sy aduaTNG3ny aCgZs OadS TIN ‘puoces/Ieaz ¢ jo saTIze 
<UaIUT Jens YIyM |DuaTNGIind kq paqunjsyp sf eueIzATE BYL ‘weysks Toa 
Tol1quod Jo WaIsks Uo;IeIuewsne AITT{qQRIB BYR 1OJ PepNToUuT aze s{spou 
Ou ‘sopWweUdp 3382947 e 942 BIENQUDDON OF BE TTEM BY 'AazpOFTduTB 30g 
“YT ®819"L Uy pequesead ar @) #7y2 02 QUuoUTIABd SreQIeMeIEd I2YI0 
Pue saATIeAzzep AITTFGeIs EYL “(1f] UOZIOW yo BYOTIENbe afXF Apog 
{[CA9IVT pues TRuspnyzSuoy, ‘powzad ‘pazyawsuz, ‘paepueas Xq pefepow aie 
sed B7yI Jo} sojweUcp aulerzaze OY, ‘(puodes/3993 79g) pucdss/s20}0N 
29% 30 Peadsaze ue Je (3993 QOO'OL) BAzIeW gyO*E zo OpNazIale Ue 

IP ByBzTZ Tere, pus 3Y8zuszs BIATOAUT OBTD AZeLdI;0 199Y4TT) OL 


weeks 3zv122tV 


‘awayos asuodsa2 AdUenb|az TorqU0D 
Tewzade ey? jo saz3iadoid Of¢seq Jo UOTIFAISNTTT 942 aoz [Neen oq 
TUFA YOPYA ‘BozuBUkP [wIBIeT [TPUOTIUBAUOD B1ow PUR BoyWeUAP TeUTpNI 
~}8uoy aTqeIsUN KEY PaIs9[ Ie BSED 2zBIDIZH 129943zJ SMeIZ2;e B1"qQ BYL 
‘Bele SyYyI UZ YOLeIGE 19Y4IINJ 103 paIBoTTdNp ATysve vq ved YOTYA 
atdwexe stduys ec sapzaoid sue1zaze v1eq & 103 ¥8EI PTOY Bpn3zIIe UY 
*9BED JJRAIIZL ATZzYBTJ Juvayzze aieq & 103 yYseI POY apnjzaqT ue 

02 pettdde sz awaydgs asuodse1 ADuanb|1z yo12VOD [HwTIdO BYL 


ASVL GIOH 3CNLILLVY NY OL NOILVOIIddV¥ 


*Z Ban3qzq Uy pequas 
aad sy paaznbax suozy aeandwod Byi jo ZIeYD MOT Y “aUTyNczqns a{8uzs 


@ kq powsojz20d 9q ued swyiz20878 YI0q Aq peaztnbaa suozaeanduos ey) 


*sdaje aAzj 02 

auo ATUO UT PIAazYyoR ATTENSN sz aousBr9AU0. ‘zansmoH *d|I3e Yous 203 

paaznbar sy ‘uoziezzwy3do UoZawooT Te uozQUaIIe Buzpnzouz ‘uozantos Tepow 

ottd aZatduod y *yepou yotyd Trwzado Ofeeq 949 INOG¥ doo, 303N0 UF 
SWI0) WYIFACHT HP Yozanzpuz do ssuodsaa AOUENba’Z ~osqUOD Teuzado OULD 


*WYIzFAOBTS uUcz oop {es vos ue IIe [wuz3do Ue Aq paaznbar aq 
PINOA YoOTYA awy? UOFIBInduod ayq Yuyonpaa ATauwozzzUszs snyI ‘uoTI 
BOOT TE UOTIUIIIS JuLysuod UzEIuzEM 02 sUOTIeINdYOD aR|ay3 403, 8TQe3 NB 
punoy uaeq sey 37 *suoTIO;paId Jsod [HICI pue sdUEWAOJIad “U SE TT aM 
se ‘adaje xyajew Apvuad ayer JorQUOD pazJTIads BY. YITM SUCTINTOR 

ae 
yoaquoo °u serynbos WOspeas SyUL “Fe wWoayppess eya Jo uof Ieuyoezep 
Juonbasqns 942 10} sazye dajs xzazem Aajteued 93"2 ToIRUOD a ETAdoAddE 
3; IUapy 02 Papuosumoral sq puodas/sueypeA ¢* jo ezys days Aouanbaay y 


pn nee 


ek ce ERED 


SYALANVUVd WAHLO GNV SAAILVAIWAG ALITIGVIS LAVEDWIV WALHOLS 


surypry 
*spuccses ‘3903 


*0000T 
sezs"t 
a) 
o°z98 


eT 


C6°O4T 


706TO'~ 
TS°tt 
To°éT 
26°79- 
99690°= 
TSs*z- 
$6°0L- 
zZ°0S 
ST°9t 
c€6e°- 


WALSAS SIXV 
TWH3LvT 


Busy pry ‘apucves ‘2002 


“o000T 
Sezs°t 
‘o 
0°z98 
“oe 


C°LSt- = 
269°T= 
98090°- 


960£000°= 


t°8e— 
87S9°= 
992$00° 
69T1O0"- 
9°02 
v9Tz0° 
8LsT0°- 


W2LSAS SIXV 
“IVNIGQLIONO? 


SPnatItv 

4P8I3y Jo eT8uy 
e8uy yred au8tTa 
Aapooyen [eIoL 
ueds Suzy 


SeATIVATIOG 
Ars iyqvas 
pasziduy 


*T dv. 


5eBB.— eter 


(Z 39 2) 
LYVHD M014 HHLIHOOIW NOLLVZINILdO 
ASNOQSAY XONANDAYA "IOVINOD TVHIIdO *2% BUNDIG 


>. 
a zt "8]] 


cy "8 Das = 007 @ (149)? 


(4% BoxQuNbg 03 3vefqns ¢z UOTIENbW) 
Sapouenbesg Tor3Uog MON auzw2229¢ 


xvH, g=3 
(62 VoyIeNdy) 3 ez~s ders suzese30g 


a 
- 


(O€ Yvozaendy} 3 Sen Vag 


m Tat Pm 
o¢ 78) Tae yy 8] 
QUaTpeAn peIeforg zo BION saeNTeAg 


ty j 
estarsy3Io «m8 » i 
| 
Sn t | 
Nn» °ma(p- Nmy pus > | 
1 ¥5 
2 ™, 
O< “™<9 pie o< O= 8 


(9% pue ¢z BUOFaWNda) 103994 aUa;pRIg pez2efoIg auyzm13z0q 


” 


wre 


apa ae OT 


NCR err oan = 


re, 


eR RRR, US RRT , ro meeeneimeracmin o mgo 


Bea eee tee TE Ren ce ne cep eee RRR TRE Fe REE IONE HF Oe ope ne cee 


* *[ve) azoyane stya 
&q ,,To21QUOD TwNueY UZ WaTqorg stxv-FITNW 843 03 YvoIddy uy,, 1eded 
80UG29ZUOD peIeter ey. Aq posseippe sz wWeTqord sty, ‘weIsts stxe rad 
UOFIUOIIB [8302 YOY ‘°°; SUCTIBIOTTE UOZIU|IIIe TeNbe jo epem oq ITTA 
voyadunssP eAzeu vy2 ‘1aded szy3 jo esodind 9y3 303 ‘swazshe sTxe 
OA2 B42 UTIONIEQ UOTIBIOTTS VOFIUSIIE JO VOTIPSTZTOIdS 103 wWeTqoad & 
squeserd spy. ‘28AeMoH «*UOTIONPe2 Yeod YWwedTTUSTS & UT BITNSe2 YOTYA 
*AToavavdon suejeks S_XR [BALIFT pus TeUTPNIZSuoT sYy2 seatos wV2B0I2d 
OYL ‘eTSXkTeuR uoyIeTNayTS puw wejske 93#291;" KXeTdWOD 10z pauBzeop 
Sf YOTUA "(TE] LOTLaadda Ber80Id Aandwos tepow aotyd Tewr3do TagaV 242 
Uo pequewatday sy eusyce esucdsex Aouenberz To1quoD yemzado suL 


o2ea G93Td 
aTsuy qITd 


AIPIOTAA TE2TIIMA 


298/733 


°? Tigv1 


2°298/°33 Wrmsapas[y Tes;329A 


BUOTIOT PSI TSPOH 


*Z STQFL UT pequsserd sav pur 


(11a2"Lena) a My 
ve 


‘TWnldiowdd 


(Te) 


lu 


aqn2 
JeuozIusAuOD 943 fq PaAzrop 22" sez a[eued |2e36 Tepow IoTTd Teuzado 
OYL *@TG#I S1YI UT paquaserd os{e v1B sUOTIBTASP aTQeMoT TE wNarxe VYyT 
*Z 2TQeL UT pegquasaid se ‘sptoyseryy TeNadadied oy. sv sues ayy 21¢ 
SPTOUSSIYI |UsIDJZypuUT O42 IBYI sazTduy UOTIOe yoIIUOD sIeTpem] 


| 
: 


JONAMaIIIONI 


4882 GTYI 02 PIIVIOTTS sz voTIUIIIe YOg Jo TeI07 y  “BIFOTT 

petspoeds uzyItA pauzeIuzeW aq yenu suCTIeTAapP pue ‘pardzrou sz saTI 

-}2uenb painseam uy uozIeTAep & SY UOCs BE PartNbar sz uot Ie ToIWU0D 
*paUaTNGAN? UT PTOY apn343Ie UOTSTI|Id 9q 03 PauUTJep sy ysez OYUL 


yseL 


SWALINVUVd GALVTIE ONV SZILIINVOD GasNSVaW 


*% ®TQ#L ut pequeserd eae sazazaueNd poinseaw 

®y2 203 spToysery? Tungdeo10d ey, “aTquTteAe ATsNosuRaTNuTS 318 

BIZIFIUWNb asay2 JO sajvr By. JeyI psmNese st 3] ‘oTZue avs pus ‘aTBue 
Tor SAIFSIOTOA TROTIIVNA ‘aTBuw yorzd opnTouT sazazaueNb paznseoy 


NOTIVI AAG 
2TEVAOTIV WNNIXVR 


*suyIfTI08te esucdsaz ADuenbs|1z To1qUoD [euTado 
9y2 Jo AIFTFIN BYI vIeIrISUOMEP 02 [NJesN 9q TI za WOISKS BTXE TeIIIVT 
@y2 203 TOIIUOD TeUofsUawTP-FI—TNM syL *[97°SzZ) ATeATIDedsea ‘ey eped 
pue *yoz38 [TOI ‘yOFIS YDITd 9YI JO PUOdeB/BUBTpHA ¢ pus ‘OT ‘OT eq 

02 pewwyiee GAB eIyWTT esodsex ADUONbeIy AwTNOSNmoANeU ey, ‘Avs 
20j BTepad puke Tyo’ pus yo3ztd 30x yOTIS OpPTe w apNTouT stoz3U0D 


alvis 


al 


BEXB [BAIT pue yeuzpnzzZuoy ay2 03 uoyIBsIoT TS voy ywaIIe yenba uo 


qpgzd | ocee ERE S25 
: & & 88s wnvGEea BEE 
of Bee & BREGE g aa 
g a5 Seen g<a > 2 *spoyjew snozaaad Aq pazozpard aq jou P{Nod seNTeA S894L *spuoces 
: g Bo Pe ed sg Q a Q aes g>e OC 3Noqe 3O ama @TDAD ToOAqUE? B O02 sptodse12109 puodas /suLTpes 2° 
48eak5 TEeE g 4448 . ds jo Kouanbeaz 3303nd [wpad 94a 2642 O30N “Warshe STKE GFYI 09 VOTINA 
4B 22 4 oss prea 3 38 q <O[T@ UOFIU|IIB UZ VOFIONp|s 343 YIzA Wa sTsUSD SOW ST uofIONpeal STUL 
Bom ne be ee E. cad ; gg suaqee sxe Te19IVT ayq 203 payypasd sy esuodsea AoueNbesz TorIN0D 
gy ’ a BE fo eet g banat 34 of R Uz voOTIONp|r TeTIUBIEYNS F ‘ang ‘aeashs syXxe euppnazSuoy |Tquyeun oy 
Aa 38 th ga ad g Ba 20} paqoypaad usese sy asuodsaa Aduanbaajy aT qvuyeqie Apyeopedyd aunwpxew 
gr wie z as) Ce S a = >) aul ‘"y aTqIeL UT paquasead 318 sasuodsea Aouenbs1y [O1JUOD p|75I1109 
i 4 a ~Sse 4. S re 3 g 33 e oa at auL *A[Taazqoedse1 *guaqeshe syxe [B2998T pues yeuzpnaz8uoy 3y3 103 COT” 
‘ aH USE $3 = 2 g $33 - Ped ti pue 269° SF VoPIBsOTTE woz uaqze pezoppead sul *uagshs syxe [BUTpNa 
i d 3 BRSSe Fo Ka & <F8UoT sTQeIsuN BY2 02 uofFIBSOTTE uozIVeIWe UT IFFY a8zeT & saqwoTpUy 
! : 8 34 Zt | a gs VOTINTOS S}XV-FITNa syL_ SHLD SFYI 203 apew vse suozIO;Pead peqIDeII109 
E ® e188 Raa 3q yopya uy ‘(pe }] 99u92107302 fq paseoippe st woTqoad spxe-7ITNG BYL 
ma 8 Gege gee 88 
ae Be g a g PEE : 3 ASNOdSSU AONANOAYA TOULNOD aqgio1agud °€ 3TaVL 
1.) Sag 5 
iz] ‘ § 8 
> 5 es 4 & pucses/suctpel »°h puocces/surtprs ¢ erepad 
=] a a 7 o 3 puccas/suezpra 9°/ puooes/susTpe2 OT HOPIS TOY 
4 ° ne & S puorss/sustpel OT puoccsas/suetpels OT M2735 4ITd 
e > w rs] 
are ae | i FoNaNOaua Adin ZoNanoaua adOLNO 
au 2 4 OWLNOD “TVKILa0 YVINISANOUNAN 
4 a : 2 
ge § ” *passeippe 9q sn watqoad voTIoOT {SB VOFIWIIIe BFXe-FIpNU |yq snyL 
ge 8 *30223 Uy ale suozJpaad ay} SuozIeIOT Te uoy3ue33e UodN quapusdap 
E - 8 aie suoz3oppead asuodsar Aduanbeszy [o1zUOD aY42 F2U4S *‘ase3 sty? 103 
ne 3 ajepadosdde sj UofT WwoOT Te uop3ueaIe TENbsa Ivy? ApONFTUN By 31 *suagshs 
| and 
ag paseq aie suofqozpaad aseyd Syanamoy 6 *FAOTAd & aoppaad 02 ITNOTIIIP 
= uaaq aARy phon sanyTeA asauL sasuodaas Aduanba1y [eped pus yoFIs [i023 
ae aya 203 paqozpaad Fae sanTeA aIeTpsTzIIV] *wayshs atqeisun ue 10} 
ee 4 paade Ixa aq pINom se *uaishs syXe TEUFPNIFSuoT 3y2 10JF pe 2op¢pead st 
nn asuodsaa Aduanbaay atqeuyeqie Aypeozssyd wnayxew sul *€ 3TqQe]L UE paquss 
- 


~aid aig assed Sy] 10j sasuodsaz Aouanbeaz fo1qu0d perozpead ayy 


*kpaazpyoadses Ssuaqeks syxe TeAsIeT pul peUy pnap Buoy 

aya 103 » pur ¢ saan8za UT paquosaad |18 9eVd STYI 103 SUOTIOTPIId 

sazusmi0jizad wazshs 23829278 pues yeaquos pue *([zE] vopawooyz Te voy queIIe 

yeuy3do *asuodsa2 ADuanba1z ToO13N09 yeuzado apnpouTy suoy op pead wessoid 

*siajemeied {apow oTTd yeuzado veseq 942 TIF 303 San{eA TeUpMOU sUTEIUCD 

wea8oad ayy ‘uosIs9s BTYI UT pequaselid sisjoursed asoyy Aquo Ate} 
-asse seaynbea pur ‘pezPwo ne kyareyzduos at wesBoad 2a9nduod OuL 


Leith nia cn ee oe en hee OR oie Selec. 


Mawes +7 


ALITY 


oe 
ind 


eG 


aw wee 


“a, 


ORIGINAL PAGE 18 


OF P 


12 


Br en 


eee ay 
TE a aw 
Nn ee come 


tT 
CONTROLS 
OPTIMAL CONTROL 
NEUROMUSCULAR CONTROL CONTROL RATE CONTROL FORCE SURFACE STD 
CONTROLLER FREQUENCY FREQUENCY PENALTY (RINV) STD DEVIATION DEVIATION 
: PITCH STICK 10,000000 10.314665 9.8533666 32868657 «31868657 


x OBSERVED QUANTITIES 


OPTIMAL 


OBSERVED TASK PERCEPTUAL INDIFFERENCE ATTENTION STANDARD 

QUANTITY UNITS VECTOR THRESHOLD THRESHOLD ALLOCATION DEVIATION 
PITCH ANGLE DEG -1O000000E-01  .80000000 - 80000000 -30604225E-C2 = 4. 7593264 
PITCH RATE DEG/SEC -10000000E-02  1.6000000 1.6000000 -30604225E-01 1.9888165 
VERTICAL VELOCITY FT/SEC -=10000000E-01 .27000000 . 27000000 + 36939577 10.666126 
VERTICAL ACCEL FT/SEC**2 =. 10000000E-02 =. 54000000 - 54000000 - 36939577 26, 346301 


FIGURE 3. OPTIMAL PILOT MODEL PERFORMANCE PREDICTIONS FOR 
LONGITUDINAL F~16 BARE AIRFRAME ATTITUDE HOLD TASK (2 of 2) 
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CASE DESCRIPTION 


LATERAL DYNAMICS, BARE AIRFRAME, ¥=.8 
PRECISION CONTROL WITH ROLL STICK AND PEDALS 
LATERAL DYNAMICS 


ALTITUDE = 1.0Q0000E+04 FEET 
NOMINAL AIRSPEED = 8.616933E+02 FEET/SECOND 
NOMINAL ANGLE OF ATTACK = 1.528500E+00 DEGREES 
TURBULENCE CONDITIONS 

SIG U GUST = 5.000000E+00 FEET/SECOND 

SIG V GUST = 5.Q000000E+00 FEET/SECOND 

SIG W GUST = 5.000000E+00 FEET/SECOND 


F AIRFRAME EIGENVALUES 

i (0.)+3(0.) 

ra (-2.5341997)+3(0) 

: (--18760888E-01)+3 (0) 
(+.25919919)+J (3.6290849) 
(-.25919919)+3 (-3. 6290849) 


PILOT MODEL PARAMETERS 


TOTAL ATTENTION ALLOCATION TO PRIMARY FLIGHT TASK (ATTN) = .400000E+00 
PURE TIME DELAY (TAU) = .200000E+00 SECONDS 

MOTOR NOISE TO SIGNAL RATIO (FM) = 3.Q00000E-03 

MEASUREMENT NOISE TO SIGNAL RATIO (PY) = 1.000000£-02 

TOTAL COST (COST) - 1.802367E-01 


be 
z 
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FIGURE 4. OPTIMAL PILOT MODEL PERFORMANCE PREDICTIONS FOR LATERAL 
F-16 BARE AIRFRAME ATTITUDE HOLD TASK (1 of 2) 
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Figure 2. Comparison Between Measured and Dual-Loop Describing Functions and 
Injected Remnant Spectra for K/s Dynamics and 220 Peripheral Viewing 
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CONTROLS 
OPTIMAL 
NEUROMUSCULAR CONTROL CONTROL RATE CONTROL FORCE CONTROL SURFACE 
CONTROLLER FREQUENCY FREQUENCY PENALTY (RINY) STD DEVIATION STD DEVIATION 
PITCH STICK 10.000000 10.317287 9.9196789 -21455517 »21455517 


OBSERVED QUANTITIES 


OBSERVED TASK PERCEPTUAL INDIFFERENCE ATTENTION STANDARD 

QUANTITY UNITS VECTOR THRESHOLD TH.ESHOLD ALLOCATION DEVIATION 
PITCH ANGLE DEG _ -10000000£-01 «80000000 - 80000000 -19989588 3 5283864 
PITCH RATE DEG/SEC - 10000000E-02 1. 6000000 1.6000000 -19989588 = 1.4511777 
VERTICAL VELOCITY FT/SEC -10000000E-01 «27000000 - 27000000 -49700244 7.1923670 
VERTICAL ACCEL PT/SEC#**2 - 10000000E-02 - 54000000 - 54000000 -49700244 =. 21. 733312 


Figure 4. Optimal Pilot Model Performance Predictions for 
Multi-Agis F-16 Bare Airframe Attitude Hold Task (2 of 4) 


CASE DESCRIPTION 


BARE iIRFRAME DYNAMICS, M = .8 
6-DOF PRECISION ATTITUDE HOLD TASK WITH PITCH STICK, ROLL STICK AND PEDALS 
LATERAL DYNAMICS 


ALTITUDE = 1.000000E+04 FEET 
NOMINAL AIRSPEED = 8.616933E+02 FEET/SECOND 
NOMINAL ANGLE OF ATTACK = 1.528500E+00 DEGREES 
TURBULENCE CONDITIONS 

SIG U GUST = 5.000000E+00 FEET/SECOND 

SIG V GUST = 5.000000E+00 FEET/SECOND 


SIG W GUST = 5.000000E+00 FEET/SECOND ORIGINAL PAGE IS 
OF Pesr QUALITY 


AIRFRAME EIGENVALUES 

(0. )+1(0.) 
(-2.5341997)+J(0.) 
(-.1876088E-01)+5 (3. 6290849) 
(-. 25919919) +3 (~3.6290849) 


PILOT MODEL PARAMETERS 


TOTAL ATTENTION ALLOCATIOW TO PRIMARY FLIGHT TASK (ATTN) = .103102E+00 
PURE TIME DELAY (TAU) = .200000E+00 SECONDS 

MOTOR NOISE TO SIGNAL RATIO (PM) = 3.000000E-03 

MEASUREMENT NOISE TO SIGNAL RATIO (PY) = 1.000000E-02 

TOTAL COST (COST) = 3.528117E-01 

SCANNING COST (SCOST) = 1.290835E-01 


Figure 4. Optimal Pilot Model Performance Predictions for 
Multi-Axis F-16 Bare Airframe Attitude Hold Task (3 of 4) 
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Model with Error Rate Terms Model without Error Rate Terms 
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Figure 5. Pilot Model Data for Command Tracking Task 


Model with Error Rate Terms Mode! without Error Rate Terms 
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Figure 6. Dwell Fraction and Mean Dwell Time Data 
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TABLE 2 - ANALYSIS OF VARIANCE SUMMARY FOR PEAK LANE POSITION 
OVERSHOOT IN THE STEP WIND GUST REGULATION TASK 


Degrees of Freedom 
Source of Variation 


Natural Frequency (wn) 


Error 


Damping Ratio (€) 


Error 


Lead Time Constant (T,) 13.7699* 


Error 


Significance Level: *=2=0.1, ** = 0.05, e** = 0.02 


vhne Greenhouse-Geisser wrrection j10] was. appi1ed to the degrees of freedom 
for those variables not meeting the homogeneity of variance assumption using 
Hartley's test [15]. 
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TABLE 3 ~- ANALYSIS OF VARIANCE SUMMARY FOR ISTSE CRITERION FOR THE STEP 
WIRD GUST REGULATION TASK 


Degrees of Preedca Lateral Position Error Yaw wgle erior Steering Wheel Angle 
Source of 
Variation 
+} Sum of 
=e 


Watural : 
Prequency 5) 1 1.04x10° } 0. 347x208 2.94x10!¢ | 15 gece 
| (ay) i I 
Error 2 lo - 1.54x108 | 0.074x10° 0.178x1019 
i : 
' : 
| ! 
} Damping 
| Ratio ! 2 \ 1 a.79x10° | 4,40x10° 5.a5nt0!% | 2.72n1019 | 4.798 
1 ey: t 
| : ! 
} error: 1 7 + 10.9407! 0, 78x107 7.97x10!® | 0.569x10!? I 
; : i | 
{ Lead Time i : 


Constant 2 { 1 ; T.o1xi0®: 3.Ssxi0%} 6.93¢¢ | s.ezx108} s.arxio®§ 9.649¢) 4.14x10"! | 2J07x20!) | ra.astee i 
L : ! 
| : . i 

7.07x108 | 0.51x10° 6. 40x10 0457x206 § 2.00x10'! | o.14axto!! 


Significance Level: * 290.10, e9 2 0.05, eee = 0.01 


+ The Greenhouse~Geisser correction [16] was applied to the degrees of freedom 
for those variables not meeting the homogeneity of variance assumption using 
Hartley's test [15]. 


TABLE 4 - ANALYSIS OF VARIANCE SUMMARY FOR THE INTEGRAL OF SQUARED ERROR PERFORMANCE 
CRITERION FOR THE ARTIFICIALLY INDUCED LANE POSITION ERROR TASK 


Degrees of Freedom _ Lateral Position Steering Wheel Anqle 
Source of 
Sum of Mean 
+ 
oe Soh Square tae 


Natural 
Frequency ay 1 663.6 : 1.30x10® | 4, 35x10° 
(wy) 

Error 21 7 $525.0 2.61x10° | 1.24x105 


Variation 


6.92108 } 3. 46x108 
6.76x10° } 4.83x105 


2140.0 1.74x10® | 8.692105 | 15 .61*** 


4333.0 7.80x105 | 5.57x10° 


Significance Level: * = 0.10, ** = 0.05, eee = 6.01 


+ the Greeahouse-Ceiaser correction {16] was applied to the degrees of freedon 
for tnose variables not meeting the homogeneity of variance assw=eption using 
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2 TIME TRACES FOR THE ARTIFICIALLY INDUCED LANE POSITION 
ERROR TASK WITH DIFFERENT LEVELS OF NATURAL FREQUENCY 


FIG. 
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FIG. 3 TIME TRACES FOR STEP WIND GUST REGULATION FOR 
DIFFERENT LEVELS OF NATURAL FREQUENCY 
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FIG. 4 GEOMETRIC INTERPREIATION OF INTEGRAL OF TA FAULT Pure 
BY ABSOLUTE ERROR (TAG) CRITERION (7) 
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FIG. 5 COMPARISON OF PERFORMANCE CRITERIA AS A FUNCTION 
LATERAL POSITION AS THE 


OF NATURAL FREQUENCY, WITH 
ERROR 
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FIG. 6 COMPARISON OF PERFORMANCE CRITERIA AS A FUNCTION 
OF NATURAL FREQUENCY, WITH YAW ANGLE AS THE ERROR 
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FIG. 8 EFFECT OF NATURAL FREQUENCY ON STEP GUST PERFORMANCE 


WITH LAVERAL POSITION AS THE ERROR 
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Session Fuzter 


1 2 2 a 5 
No control Control Task Control Task Control Task Control Task 
ee Simple Complex Sizple Cozplex Simple Cocplex Sizple Cozplex 

Subdject Map Map Yap Map Map Map “Map Map 

1 30" 60 90 20 - (30 60. 60 20 90 

2 30 90 60 ; 39 20 90 90 460 60 

2 $0 30 90 No 1) &9 30 30 $9 9c 

: rN 60 90 30 Monitoring £0 60 90 90 20 30 

3 90 30 60 ge 90 30 30 &Q 60 
& 


go 60 30 90 30 60 60 30 30 


* 
Table entries are mean sutsystez event interarrival tires (sec.) 


Table 2. Subsystem event service performance (erpirical) 


Opes 


i Subsyste= event arrival rate (events/sec) 
. Subsystem 0.01111 0.0 1667 0.02333 
: No. “oe Map 
é & Ts 8, Ty Sy x Ts 5 Ty %y ¥ Ts 5 Ty ou iH 
= 1 18 §.55 0.81 12.97 3.06 & 495.57 4.32 = 12.86 2.67 88 5.96 2.08 14.67 4.20 i 
Fa 2 28 §.89 1.462 12.10 3.13 BB 5.80 04.100 18.11 8.28 82 5.820 1.19 18.68 = 3.93 a 
a 3 30 «-§.36 «60.58 §= 1238 2.51 86 5.28) 1.21 18.830 45.36 82 5.29 1.3% «17.87 7.25 j 
& 4 2h 6.22 2.86 8612.80 4.67 36 «65.27 «60.67 = 15.91 5.88 90 5.88 1.35 18.69 10.07 H 
g 5 32. «45.41 «1439: 12.62 5.74 B20 5.39 «0.62 15.74 6.38 58 5.78 1.78 24.26 18.38 7 
6 8 5.58 0.93 13.55 3.82 325° 5.37 0.90 «17.00 = 7.56 52 5.29 1.25 32.88 27.59 i 
an" 177 5.63 «1.38 =: 12.82 4.01 289° $41 1.07 14.62 5.98 nhB 5.55 1.58 19.82 18.10 : 
: : Sirple Map } 
1 mm 8.59 §.53 19.17 6.79 bh 7.9200 3.87) 19.69 7.26 56 8.56 4.59 20.85 6.95 4 
2 430 «8.88 «66.23: 18.98 8.69 52 9.89 «6.22 20.56 9.75 79° 9.69 7.08 = 23.42 9.58 i 
2 18 7.52 «4.95 = 23.93 8.46 54 10.01 7.59 2u.91 = 12.35 79° 9,78 §.08 27.81 = 12.38 3 
4 5u 9.57 5.80 24.87 12.50 51 8.78 5.20 28.21 18.15 67 8.85 8.69 32.68 21.42 3 
5 39 «9.54 6.87 34.83 24.63 52. 8.33 8.23) 35.97 37.08 b2.0 9.82 5.83 54.08 «40.85 A 
6 31 10.27 6.95 24.18 26.39 38 8.55) 4.83 55.67 55.40 30 «7.03. 2.13 109.39 181.78 a 
All 219 9.21 6.28 «25.28 17.28 288 «895.71 §.33 29.52 28.81 353° 9.06 «65.59 36.71 9-53.13 Bi 
Comrlex Map 5 
1 uo 10.87 7.47 22.21 8.57 S10 0 9.370 $.5232 22.78 819.28 $a S.He  BLok 21.75 = 10.39 3 
2 4t 9.57 5.29 20.7% 8.19 ag 613.023 6.98 22.06 ORT 86 ¢.322 6.88 22.58 9.37 4 
3 35 8.39 4.36 25.10 14.80 52 2.28 6.56 27.02 17.10 Te 8.07 5.61 26.89 914.32 
4 n6 = 8.70 $5.89 2H.10 12.63 $2 7.90 2.88 20.94 21.15 7) «§.8t 5.17 36.82 929.11 
5 §2 9.48 7.61 32.58 27.72 B7) 9.95 96.02 29.06 = 89.22 56 8.89 «86§.68 50.19 56.27 
€ 1209.52 6.15 97.80 38.467 3500 -3.71 0 -F.50 52.76 91.81 30 8.99 3.29 88.50 66.71 
A110 23200 «9.82 6.25 97.06 19.07 277) 9-89 K.79 31.4 20.50 28t RRB SSA AS A AT7LAN 


Cumulative statistic, across all six sudsystess 

N - Number of subsystems events recorded 

Ty, %, - Event service time averaee, standard deviation (sec.) 
Tt. @ 


ee Fy 7 Event waiting time averace, standard deviation (sec.) 
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Complex map 


Table entries are total number of false alarms 
of six subjects for the specified task. 


False alarms 


Table 1, 
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Subsystem event arrival rate (events/sec. ) 
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* Cumulative statistic, across 211 six subsystems 


Tyan? Ove 


Ty 


11.86 
12.16 
12.82 
12.72 
43.32 
13.79 


12.71 


17.91 
18.57 
19.41 
20.39 
21.67 
2m 46 


20.29 


17.49 
18.86 
19.28 
19.98 
21.57 
23.22 


19.92 


Table 6. Comperison cf empirical data and ocueusing Model 1 simulation zesults 


Q.01ti? 
ows Tre 
2.51 12.97 

- 2.92 12,1¢ 
3.39 12,38 
3.65 12.8¢ 
8.63 12.62 
5.28 - 13.55 
3.92 12.82 
7.23 19.17 
8.81 = 18.92 
9.17 23.92 
11.745 24.87 
13.99 31.53 
18.37 34.18 
12.22 25.28 
7.50 22.2? 
§.07 20.7% 
9.65 28,1 
10.84 2a.it 
12,16 32.5- 
16.61 ATLAS 
11.96 27.08 


Sue 
3.06 
3.13 
2.51 
3.67 
5.78 
3.82 


4.01 


6.79 
8.69 
a.N6 
12.50 
24.63 
26.39 


17.28 


3.57 
8.19 
14,80 
12.63 
27.72 
34.61 


19.97 


Subsystem event arrival rate (events/sec.) 


0.01847 
Ho ap 

Tye om = Tue 

11,88 2.33 12.86 
12.19 2.68 14.11 
12.50 3.21 18,82 
13.30 N27) 15.91 
14.02 55.87 15.78 
18.91 6.86 17.00 
13.10 3.58 14.62 

5 Siaole Map 
17.58 7.15 19.69 
18.37 7.79 20.56 
19.81 9.62 28.91 
21.95 12.08 28.21 
28.25 16.31 35.97 
22.90 23.29 §5.67 
21.60 .18.16 29.52 
Complex Yap 

19,18 7.71 22.78 
20.33 8.78 22.46 
22.27 19.29 = 27.03 
25.02 14.79 29.98 
29.38 21.59 79.06 
35.68 31.08 52.76 
24.90 18.07 27,88 


- Model 1 event waitins time average, stamiard deviation (sec.) 
Tuer Sse ~ Empirical event waiting time average, standard deviation (sec.) 


Table 7. 


Subsystem 


Comparison of espirical 


Tam 

19.63 
21.09 
23.12 
27.39 
34.90 
46.07 


27.59 


19.80 
21,83 
24.19 


27.83" 


34.42 
45.38 


27.95 


0.0 


Gm 


7.89 
9.26 
11.97 
17.02 
26.56 
43.87 


23.¢e1 


7.90 
9.61 
12.29 
17.37 
24.97 
42.78 


22.71 


0.03333 
Tym om Toe 
13.28 2.97 19.67 
18,18 3.82 18.68 
15.69 5.72 17.87 
18.27 8.86 19.69 
22.22 «14.03 24.26 
29.58 25.83 32.88 
18.21 13.03 19.82 
20.87 7.56 20.85 
22.87 9.60 23.82 
27.11 18.25 9-27.81 
36.38 24.30 32.68 
54.51 46.07 58.08 
102.02 109.9% 109.39 
35.81 43.68 36.71 
19.91 7.56 21.75 
22.39 9.69 22.58 
26.548 13.39 26.89 
35.03 22.92 36.82 
51.69 43.92 $0.19 
98.50 97.10 &8.50 
24.55 80.26 35.18 


cata and oueueing Model 2 simulation results 


© Rerrective = Aactuay * 90-0095) 
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22.21 
20.74 
25.130 
24.10 
32.54 
47.0 
27.06 


Simple “ap 


Tos 


38.89 
21.02 
22.80 


- 28.17 


26.97 
53.08 


29.29 


Tomolex Hap 


&.&T 

§.19 
18,80 
12.63 
27.72 
3*.81 
12.97 


20.26 
22.77 
25.26 
32.92 
53.34 
47.87 


72.33 


. Cumulative statistic, 2crcss all six subsysters 


T 


Tuer Sue 


wr? Sum 


Sutsystex evert effective arrival rate (events/sec.) 


0.0262 
. wa Tye 
7.12 19.69 
8.72 20.56 
11.76 25.91 
37.78 28.21 
30.10 35.97 
49.79 55.67 
25.45 29.52 
7.60 22.78 
10.01 22.86 
12.97 27.03 
21.51 29.98 
36.55 39.06 
69.66 §2.76 
32.58 31.8% 


6 

we 
7.26 
9.75 
12.35 
18.15 
37.08 
55.40 


28.81 


10.28 

9.87 
17.10 
21.15 
40.22 
91.51 


39.59 


- Model 2 event waiting tive averare, standard deviation (sec.) 
- Empirical event weitins time averace, standard deviation (sec.)} 


heffective ~ Effective sutsystem event arrival rate used in simulation 


actual - Actual sutsvste= event arrival rate used in experitent 


Sve 
&.20 
3.93 
7.25 

10.07 
18.38 
27.59 


14.10 


6.95 
9.58 
12.38 
27.83 
50.85 
151.78 


$3.13 


10.39 

9.37 
14,33 
29.11 
56.27 
66.71 


37.00 


a May oo 


Scontudag het 


hede abet. 


we 


tery 


Subsysten 
No. 
Ta 

1 19.59 
2-20.81 
3-22.21 
4 28.43 
5 26.52 
6 = 29.76 
a? == -23.78 
1 20.27 
2 20.68 
3-22.37 
§ 22.21 
5-26.18 
6 29.33 
ALL 23.64 


Table 8. 


Sutsystez event arrival rate (events/sec.) (, = 0.181, k 


Coeg2zrison of empirical data and queueing Model 3 sizulation results 


0.01111 
On Toe 
“8.54 19.17 
9.65 18.98 
11.32 23.92 
12.99 28.67 
17,08 31.33 
22,65 38.12 
18.86 = 26.25 
9.21 22.21 
10.02 20.74 
4.75 25.106 
13.26 28,10 
16.89 32,64 
21.63  37.8C 
18.69 9-27.06 


Fue 


6.79 
8.89 
8.46 
12.50 
24.63 
26.39 


17.28 


8.57 
6.19 
10.80 
12.63 
27.72 
24.61 


19.97 


Simple Far (1, 


Tym 


20.35 
22.19 
22.99 
27.57 
32.38 
40.75 


27.33 


Coeplex “ap 


21.20 


22.82 
25.05 
29.76 
24.38 
42.32 


23.35 


* Cumulative statistic, across 211 six subsystems 
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“ 
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. 
~ 
io 
* 
Y) 


e 
9.85 22.75 
10.22 22, 8& 
13.25 27.67 
19.02 20.6% 
26.04. 39.cé 
37.52 $2.78 


- Empirical event waiting time averace, standard ¢eviaticr 


55.40 
28.81 


= 0.18, ¥, 


19.28 

9-47 
17.10 
21.15 
49.22 
91.53 
39.59 


mm 7 Model 2 event waiting time average, startard eeviation ‘sec.) 


{see.) 


21.78 
24.90 
30.68 
53.05 
70.80 
138.07 


41.21 


2 = 2) 


22.05 
25.21 
30.75 
82.80 
70.36 
144,02 


41.53 


des Hg» ky - Control task customer arrival rate and service rate (customers/sec.), 
and Erlang distribution shape parareter 


Mes, ks - Subsystea event service rate (events/sec.), and frlangw distribution shave parameter 
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= 19 for all tzsks.) 


0.03333 

o. Tue 
8.8 © 20.85 
W.8¢ | 23.82 
16.20 27.81 
28.95 32.68 
60.58 54.08 
139.16 199.29 
53.72 36.71 
9.82 = 21.75 
14,858 22.58 
16.85 26.89 
33.27 © 36.82 
60.26 50.19 
1§2.17 88.50 
66.2= 9-35.18 


Due 
6.95 
9.58 

12.35 
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4 .AS 
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